A microwave sensor is designed to measure the resonance behavior of the hydrocarbon mixture to determine the water holdup of a near horizontal oil carrying pipeline. This technique is particularly useful for detecting very small water holdup (<5%) as demonstrated by simulated and experimental results.
Introduction: Oil production generally results in multiphase flow of oil, water and gas. The complex dielectric properties of this mixture are normally analyzed to find the phase fractions, as a basis for determining flow rates and concentrations [1] . Popular electrical methods in determining the dielectric properties of the mixture include inductance, resistance and capacitance measurements, which are often incapable of providing accurate concentration estimates, particularly in very low or very high water cut production wells [2].
Radio frequency (RF) transmission measurements are also used to detect sand, water and gas levels within multiphase flow in pipelines [3] . In this paper, a simple microwave technique is used to excite various combination of two-phase liquid and observe their complex electrical properties. Since electromagnetic scattering is governed by the geometrical and electrical properties of the pipe and its contents, the measured data can be used to calibrate the phase fractions with the cut-off response of the liquid. This simple method allows accurate detection of very small water hold-ups (<5%) within the near horizontal oil extracting pipeline. Results: A finite element solver is used to simulate the two-phase mixture within the pipe for various combinations of oil and water contents. The reflection responses (S 11 ) of the pipe with water level ranging from 1mm (2.2%) to 4mm (4.6%) are plotted in figure 2. Note that increasing water level increases the effective dielectric constant of the two-phase mixture and consequently reduces the cut-off response of the pipeline. The conductivity of the pipe metal is observed to affect the cut-off response in an inverse manner, although it has little effect on the changes in S 11 response with changing oilwater ratio.
Method of Analysis
The measurement unit (figure 1) consisted of a probe feed circular waveguide segment, connected to the Network analyzer. The position, size, inset and alignment of the SMA probe are carefully selected to achieve best excitation.
Reflections from the side terminations are minimized by selecting thick terminators with equivalent dielectric property. The volume of water/oil, needed to achieve a required water hold-up level, is carefully calculated to achieve accurate calibration. Figure 3 superimposes the simulated and experimental cut-off response with respect to the water hold-up level of the two-phase mixture within the pipe. Note that a maximum error of 1.5% occurs for high water level, whereas low water level errors remain less then 0.4%.
Conclusion:
A simple method and apparatus for determining the water content of crude oil in a pipeline is disclosed. Predicted calibration chart, which relates the water hold-up and the cut-off response of the two-phase mixture within the pipe, is experimentally verified. Accurate prediction of small (<5%) water holdup in a horizontal or near horizontal oil carrying pipeline is demonstrated. 
